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(57) ABSTRACT

A radiation 1maging apparatus irradiates a subject with a
radioactive ray emitted from a radiation generation unit to
capture a radiographic image based on a radioactive ray that
has penetrated through the subject. The radiation 1imaging
apparatus includes a histogram calculation unit configured to
calculate a histogram resulting from pixel values of the radio-
graphic image, and a radiation 1rradiation condition determi-
nation unit configured to determine radiation irradiation con-
ditions for a radioactive ray to be emitted from the radiation
generation unit 1in such a way as to tlatten a distribution of the
histogram.
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RADIATION IMAGING APPARATUS AND
METHOD FOR DRIVING THE SAMEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radiation 1imaging appa-
ratus that 1rradiates a subject with a radioactive ray emitted
from a radiation generation unit to capture a radiographic
image based on the radioactive ray that has penetrated
through the subject, and also relates to a method for driving,
the radiation 1maging apparatus.

2. Description of the Related Art

There 1s a conventional X-ray imaging apparatus that can
capture an i1mage of a subject with an X-ray (1.e., one of
various kinds of radioactive rays), so that the acquired X-ray
image can be used for a medical care. In this case, the X-ray
imaging apparatus includes an X-ray generation unit that can
emit an X-ray toward the subject. The X-ray imaging appa-
ratus acquires an X-ray image based on the X-ray having
penetrated through the subject. Users can observe an internal
state of the subject based on the acquired X-ray image. The
X-ray imaging apparatus may also be referred to as an “X-ray
fluoroscopic apparatus.” It the subject 1s a human body, the
word “observation” may be replaced with “diagnosis™ or
“examination.”

The X-ray imaging apparatus further includes an X-ray
sensor unit that can detect the X-ray having penetrated
through the subject to acquire the X-ray image. The X-ray
sensor unit 1s generally configured to detect an X-ray and
generate an electric signal according to the intensity of the
detected X-ray. Namely, the X-ray sensor unit 1s a device
capable of acquiring an X-ray image based on the detected
X-ray. An example of the X-ray sensor umt 1s an image
intensifier or a tlat panel detector (FPD).

To prevent a subject from being exposed to an excessive
amount of X-ray that can be emitted from the X-ray genera-
tion unit, 1t 1s desired to reduce the 1rradiation X-dose that
may be absorbed by the subject. However, if the amount of the
irradiation X-dose that may be absorbed by the subject 1s
small, the amount of the X-ray that can penetrate through the
subject 1s small. As a result, the X-ray dose that can be
received by the X-ray sensor unitis small. The acquired X-ray
image may be inappropriate to observe the subject.

As described above, when the X-ray imaging apparatus
captures an 1mage of a subject, 1t 1s important to satisty both
an objective to “reduce the amount of X-ray dose that may be
absorbed by the subject” and another objective to “acquire an
X-ray 1image that is suitable for observation.”

Therefore, the X-ray imaging apparatus includes an X-ray
irradiation condition determination umt that can automati-
cally determine optimum X-ray 1rradiation conditions for an
X-ray that can be emitted from the X-ray generation unit. The
X-ray rradiation conditions, for example, include a tube volt-
age and a tube current of the X-ray generation unit and an
irradiation time of the X-ray. The tube voltage 1s a voltage that
may be applied to an X-ray tube of the X-ray generation unit
that can generate an X-ray. The tube voltage relates to a
spectrum of the X-ray. The tube current i1s current flowing
through the X-ray tube of the X-ray generation unit. The tube
current relates to the intensity of the X-ray. The 1rradiation
time 1s a period of time during which the X-ray can be gen-
erated by an amount determined based on the tube voltage and
the tube current.

In this case, 11 the subject that may be observed 1s always
constant, it may be desired to continuously use the same
X-ray 1rradiation conditions which have been once deter-
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2

mined as optimum X-ray irradiation conditions. On the other
hand, 11 the subject that may be observed 1s variable, or 11 the
subject that may be observed 1s a moving subject, 1t 1s
required to set optimum X-ray irradiation conditions in
respective cases because the optimum X-ray 1rradiation con-
ditions are variable depending on each subject.

In the conventional X-ray imaging apparatus, 1t 1s pre-
sumed that the X-ray sensor unit 1s an 1mage intensifier when
the X-ray irradiation condition determination unit determines
the X-ray irradiation conditions. In this case, the image inten-
sifier has a very narrow dynamic range (1.e., normal operation
range). Therefore, 1n determining the X-ray 1rradiation con-
ditions, 1t 1s generally required to prevent the X-ray dose that
may enter the image intensifier from exceeding the dynamic
range.

If the X-ray dose that may enter the 1mage intensifier
exceeds the dynamic range, 1t may be difficult to *“acquire an
X-ray 1mage that 1s suitable for observation.” More specifi-
cally, 1n this case, halation (1.¢., overexposure) may occur on
the acquired X-ray image. I the X-ray dose that may enter the
image 1ntensifier 1s below the dynamic range, 1t may be dii-
ficult to “acquire an X-ray image that is suitable for observa-
tion” because of underexposure on the X-ray image.

A technmique capable of solving the above-described prob-
lem 1s, for example, discussed 1n Japanese Patent Application
Laid-Open No. 8-66389 or 1n Japanese Patent Application
Laid-Open No. 2002-14059. The discussed technique deter-
mines X-ray irradiation conditions so as to set a predeter-
mined value relating to the X-ray image 1in a very narrow
normal operation range (1.¢., dynamic range) of an image
intensifier and then determines the X-ray 1rradiation condi-
tions so as to reduce the X-ray exposure amount.

As described above, when the X-ray sensor unit 1s an image
intensifier, i1t 1s generally very difficult to adequately satisty
both the purpose of “reducing the amount of X-ray that may
be absorbed by the subject” and another purpose of “acquir-
ing an X-ray image that 1s suitable for observation.”

However, the X-ray sensor unit that may be widely used 1s
the FPD. Compared to the image intensifier, the FPD has a
very wide dynamic range. Therefore, it 1s unnecessary to set
the X-ray 1rradiation conditions in a very narrow range.

A conventional X-ray imaging apparatus may have the
following configuration. FIG. 18 1llustrates an example of the
configuration of a conventional X-ray imaging apparatus
1800. The conventional X-ray imaging apparatus 1800, as
illustrated in FI1G. 18, includes an X-ray generation unit 1801,
an X-ray sensor unit 1802, an X-ray 1rradiation condition
determination unit 1803, and a display unit 1804. In this case,
the X-ray sensor unit 1802 may be an 1mage intensifier. The
subject 1000 may be disposed between the X-ray generation
unit 1801 and the X-ray sensor unit 1802.

In the conventional X-ray imaging apparatus 1800, the
X-ray wrradiation condition determination unit 1803 deter-
mines X-ray 1rradiation conditions so as to reduce the X-ray
that may be absorbed by the subject 1000 considering a very
narrow dynamic range of the X-ray sensor unit 1802, as
described above.

The X-ray generation unit 1801 emits an X-ray (1.e., 1rra-
diation X-ray) 1801a toward the subject 1000 based on the
X-ray 1rradiation conditions determined by the X-ray irradia-
tion condition determination unit 1803. A transmission X-ray
18015, 1.e., part of the 1rradiation X-ray 1801¢a that has not
been absorbed by the subject 1000 and has penetrated through
the subject 1000, may enter the X-ray sensor unit 1802. The
X-ray sensor unit 1802 generates an X-ray image “A” based
on the transmission X-ray 18015. The display unmit 1804 dis-
plays the X-ray image “A.”




US 8,194,824 B2

3

However, 1n this case, the X-ray image “A” 1s an image that
has been obtained so as to satisty the requirement of a very

narrow dynamic range of the X-ray sensor unit 1802. There-
fore, the X-ray image “A” may not be an X-ray image that
includes a sullicient amount of internal information of the
subject 1000 and 1s suitable for observation. Moreover, sat-
1stying the requirement of a very narrow dynamic range of the
X-ray sensor unit 1802 1s first prioritized 1n determining the
X-ray wrradiation conditions. Therefore, reducing the X-ray
dose that may be absorbed by the subject may not be consid-
ered sutficiently.

FIG. 19 1llustrates an example of the configuration of a
conventional X-ray imaging apparatus 1900. The conven-
tional X-ray imaging apparatus 1900 includes an image pro-
cessing unit 1901, although the rest of the configuration is
similar to that of the X-ray imaging apparatus 1800. In FIG.
19, constituent components and portions similar to those
illustrated 1n FIG. 18 are denoted by the same reference
numerals.

In the conventional X-ray imaging apparatus 1900 illus-
trated 1n FIG. 19, the image processing unit 1901 performs
image processing on the X-ray image “A” that has been
generated by the X-ray sensor umit 1802. Namely, the image
processing unit 1901 generates an X-ray image “B” based on
the X-ray image “A.” Therefore, the display unit 1804 dis-
plays the X-ray image “B” that has been subjected to the
1mage processing.

In this case, the X-ray image “B” 1s an 1mage generated
through the image processing applied to the X-ray image “A.”
Theretfore, the X-ray image “B” may be an adequate X-ray
image compared to the image obtained by the apparatus 1llus-
trated in FIG. 18. However, even 1n this case, the X-ray image
“A” (1.e., an orniginal 1mage) 1s an i1mage that has been
obtained so as to satisty the requirement of a very narrow
dynamic range of the X-ray sensor unit 1802. Therefore, the
X-ray 1mage “B” may not be an X-ray image that 1s suitable
for observation. Moreover, as satistying the requirement of a
very narrow dynamic range of the X-ray sensor unit 1802 1s
first prioritized 1n determining the X-ray irradiation condi-
tions, reducing the X-ray dose that may be absorbed by the
subject may not be considered suificiently.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention are
directed to a radiation imaging apparatus and its driving
method capable of acquiring a radiographic image that
includes a suilicient amount of mnternal information of a sub-
ject and 1s suitable for observation. Additionally, exemplary
embodiments of the present invention are directed to a radia-
tion 1maging apparatus and its driving method capable of
reducing a radiation dose that may be absorbed by the subject.

According to an aspect of the present invention, a radiation
imaging apparatus irradiates a subject with a radioactive ray
emitted from a radiation generation unit to capture a radio-
graphic 1mage based on a radioactive ray that has penetrated
through the subject. The radiation 1maging apparatus includes
a histogram calculation unit configured to calculate a histo-
gram resulting from pixel values of the radiographic image,
and a radiation 1rradiation condition determination unit con-
figured to determine radiation irradiation conditions for a
radioactive ray to be emitted from the radiation generation
unit in such a way as to tlatten a distribution of the histogram.

Further features and aspects of the present mnvention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
Ings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate exemplary
embodiments and features of the mvention and, together with
the description, serve to explain at least some of the principles
of the invention.

FIG. 1 illustrates an example of the configuration of an
X-ray 1imaging apparatus (1.¢., a radiation imaging apparatus)
according to a {first exemplary embodiment of the present
invention.

FIG. 2 1llustrates an example of an internal configuration of
a subject illustrated in FIG. 1.

FIGS. 3A to 3D illustrate examples of the distribution of a
histogram resulting from pixel values of an X-ray image,

which may be calculated by a histogram calculation umnit
illustrated 1n FIG. 1.

FIG. 4 1llustrates an example of a method for calculating

the degree of straightness, which can be applied to envelopes
of the cumulative histograms 1llustrated 1n FIGS. 3C and 3D.

FIG. 51s a flowchart illustrating an example of a processing,
procedure of a method for driving an X-ray imaging appara-
tus (1.e., a radiation 1maging apparatus) according to the first
exemplary embodiment.

FIG. 6 illustrates an example of the configuration of an
X-ray 1maging apparatus (1.¢., a radiation imaging apparatus)
according to a second exemplary embodiment of the present
invention.

FIGS. 7A and 7B illustrate details of an 1rradiation X-ray
dose equivalent curve data table illustrated 1n FIG. 6.

FIGS. 8 A to 8C 1llustrate examples of the irradiation X-ray
dose equivalent curve data table illustrated 1n FIG. 6.

FIGS. 9A and 9B 1illustrate details of a subject absence
pixel value data table illustrated 1n FIG. 6.

FIG. 10 1s a flowchart illustrating an example of a process-
ing procedure of a method for driving an X-ray imaging
apparatus (1.e., a radiation 1imaging apparatus) according to
the second exemplary embodiment.

FIG. 11 1llustrates an example of the configuration of an
X-ray 1maging apparatus (1.¢., a radiation imaging apparatus)
according to a third exemplary embodiment of the present
invention.

FIGS. 12A to 12D 1llustrate examples of the distribution of
a histogram resulting from pixel values of an X-ray 1mage,
which may be calculated by a histogram calculation umnit
illustrated 1n FIG. 11.

FIG. 13 1s a flowchart illustrating an example of a process-
ing procedure of a method for driving an X-ray imaging
apparatus (1.e., a radiation 1imaging apparatus) according to
the third exemplary embodiment.

FIG. 14 1llustrates an example of the configuration of an
X-ray 1imaging apparatus (1.¢., a radiation imaging apparatus)
according to a fourth exemplary embodiment of the present
ivention.

FIG. 15 1s a flowchart 1llustrating an example of a process-
ing procedure of a method for driving an X-ray imaging
apparatus (1.e., a radiation 1maging apparatus) according to
the fourth exemplary embodiment.

FIG. 16 1llustrates an example of the configuration of an
X-ray 1imaging apparatus (1.¢., a radiation imaging apparatus)
according to a fifth exemplary embodiment of the present
invention.

FIG. 17 1s a flowchart illustrating an example of a process-
ing procedure of a method for driving an X-ray imaging
apparatus (1.e., a radiation 1imaging apparatus) according to
the fifth exemplary embodiment.
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FIG. 18 illustrates an example of the configuration of a
conventional X-ray imaging apparatus.

FIG. 19 illustrates an example of the configuration of a
conventional X-ray imaging apparatus.
FI1G. 20 1llustrates an example of a gradation conversion

curve that can be changed by an 1mage processing unit 1llus-
trated 1n FIG. 1.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(L]

The following description of exemplary embodiments 1s
illustrative 1n nature and 1s 1n no way intended to limit the
invention, its application, or uses. It 1s noted that throughout
the specification, similar reference numerals and letters refer
to similar items 1n the following figures, and thus once an 1item
1s described 1n one figure, 1t may not be discussed for follow-
ing figures. Various exemplary embodiments, features, and
aspects of the invention will be described 1n detail below with
reference to the drawings.

The following exemplary embodiments of the present
invention are directed to an X-ray imaging apparatus that uses
an X-ray as a radioactive ray. The present ivention 1s also
applicable to a radiation 1imaging apparatus that captures a
radiographic image based on another radioactive ray, such as
a.-ray, [3-ray, and y-ray.

FIG. 1 illustrates an example of the configuration of an
X-ray 1maging apparatus (1.¢., a radiation imaging apparatus)
according to a first exemplary embodiment of the present
invention.

As 1llustrated 1n FIG. 1, an X-ray imaging apparatus 100
according to the first exemplary embodiment includes an
X-ray generation unit 101, an X-ray sensor unit 102, a histo-
gram calculation unit 103, an X-ray irradiation condition
determination unit 104, an image processing unit 105, and a
display umit 106. The X-ray sensor unit 102 may be, for
example, constituted by a flat panel detector (FPD). A subject
1000 may be disposed between the X-ray generation unit 101
and the X-ray sensor unit 102.

The X-ray generation unit (1.¢., a radiation generation unit)
101 can generate an X-ray, which may be emitted toward the
subject 1000, based on X-ray 1rradiation conditions that may
be determined by the X-ray 1rradiation condition determina-
tion unmit 104. In the present exemplary embodiment, the
X-ray that can be emitted from the X-ray generation unit 101
toward the subject 1000 may be referred to as an “1rradiation
X-ray 101a.”

The X-ray sensor unit (1.e., a radiation sensor unit) 102
serves as an imaging unit configured to detect a transmission
X-ray 1015 and capture an X-ray image “A” based on the
transmission X-ray 1015. The transmission X-ray 1015 1s part
of the wrradiation X-ray 101a that can be emitted from the
X-ray generation unit 101 and has penetrated through the
subject 1000 without being absorbed by the subject 1000.
More specifically, 1f the X-ray sensor unit 102 detects the
transmission X-ray 1015, the X-ray sensor unit 102 converts
the detected transmission X-ray 1015 into an electric signal
according to the intensity of the detected X-ray. The X-ray
sensor unit 102 can generate the X-ray image “A” based on
the electric signal.

The histogram calculation unit 103 can calculate a histo-
gram resulting from pixel values of the X-ray image “A.” The
X-ray irradiation condition determination umit (1.e., a radia-
tion 1rradiation condition determination unit) 104 determines
X-ray 1rradiation conditions of the X-ray to be emitted from
the X-ray generation unit 101 based on the histogram that can
be calculated by the histogram calculation unit 103. More
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specifically, 1n the present exemplary embodiment, the X-ray
irradiation condition determination unit 104 calculates a flat-
ness (1.€., a degree of flatness) with respect to a distribution of
the histogram based on the histogram that can be calculated
by the histogram calculation unit 103. Then, the X-ray 1rra-
diation condition determination unit 104 determines X-ray
irradiation conditions 1n such a way as to tlatten the distribu-
tion of the histogram referring to the calculated degree of
tflatness with respect to the distribution of the histogram. In
this case, the X-ray irradiation conditions include a tube
voltage and a tube current that may be applied or supplied to
an X-ray tube of the X-ray generation unit 101, and also
include an X-ray irradiation time.

The image processing unit 1035 can perform predetermined
image processing on the X-ray image “A” generated by the
X-ray sensor unit 102 and can generate an image-processed
X-ray 1image “B.”

The display unit 106 displays the image-processed X-ray
image “B” or various types ol mformation relating to the
X-ray 1rradiation conditions for the irradiation X-ray 101a to
be emitted by the X-ray generation unit 101. More specifi-
cally, in the present exemplary embodiment, various types of
information relating to the X-ray 1rradiation conditions that
can be displayed by the display unit 106 may include a
numerical value representing the degree of flatness with
respect to the distribution of the histogram that can be calcu-
lated by the X-ray 1rradiation condition determination unit
104. The information relating to the X-ray irradiation condi-
tions that can be displayed by the display unit 106 may further
include the distribution of a histogram that can be calculated
by the histogram calculation unit 103.

In the present exemplary embodiment, to acquire an X-ray
image that includes a suificient amount of internal informa-
tion of the subject 1000 and 1s suitable for observation, the
X-ray 1rradiation condition determination unit 104 can deter-
mine the X-ray irradiation conditions in such a way as to
flatten the distribution (1.e., shape) of the histogram that can
be calculated by the histogram calculation unit 103.

In this case, for the reason described below, i1 the distribu-
tion of the histogram resulting from the pixel values of the
X-ray 1image “A” 1s flat, an X-ray image that includes a sui-
ficient amount of internal information of the subject 1000 and
1s suitable for observation can be acquired.

FIG. 2 1llustrates an example of an internal configuration of
the subject 1000 illustrated in FIG. 1. According to the
example 1llustrated 1n FIG. 2, the subject 1000 1ncludes a
plurality of substances 1 to 7. These substances 1 to 7 are
uniform substances and their areas satisiy the following rela-
tionship.

(Substance 1=Substance 2)>Substance 3>(Substance
4=Substance 5)>(Substance 6=Substance 7)

In the following description, the substance 1 may be referred
to as “X” and the substance 2 may be referred to as “Y.”

FIGS. 3A to 3D illustrate examples of the distribution of a
histogram resulting from pixel values of the X-ray 1mage,
which may be calculated by the histogram calculation unit
103 1llustrated 1n FIG. 1.

FIGS. 3A and 3B illustrate a histogram 1 and a histogram
2 resulting from pixel values of X-ray images of the subject
1000 (1.e., the subject that includes seven different substances
1 to 7 1llustrated 1n FIG. 2), which can be captured by the
X-ray sensor unit 102 under different X-ray 1rradiation con-
ditions. In this case, the pixel value 1s a value representing the
luminance of each pixel of the X-ray image.

As 1llustrated 1n FIG. 2, the substance “X” has an area
similar to that of the substance “Y.” Theretore, as illustrated in
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FIGS. 3A and 3B, “X” 1s similar to “Y” in the frequency. In
this case, 1f the seven substances 1 to 7 can be discriminated
from each other, the subject 1000 1llustrated 1n FIG. 2 1s the
“X-ray 1mage that includes a suificient amount of internal
information of the subject and 1s suitable for observation.” If
the number of the substances that can be discriminated indi-
vidually 1s limited to six or five of the seven substances 1 to 7,
there may be the possibility that at least part of the internal
structure of the subject 1000 may not be observed. As an
extreme case, 11 none of the seven substances 1 to 7 can be
discriminated, i1t 1s meaningless to perform the observation
based on the X-ray image. The subject 1000 may be worth-
lessly wrradiated with the X-ray.

Compared to the X-ray image relevant to the histogram 1
illustrated 1n FIG. 3 A, the X-ray image relevant to the histo-
gram 2 1llustrated 1n FIG. 3B i1s desired to discriminate “X”
from “Y.” As illustrated in FIG. 2, if prior information that the
subject 1000 includes seven substances 1s given beforehand,
it may not be difficult to discriminate “X” from “Y”” based on
the X-ray image illustrated 1n FIG. 3A. However, 1n general,
the prior information indicating the number of substances
involved 1n the subject 1000 may not be given. Therefore, 1t 1s
casy to discriminate “X” from Y™ when the pixel value of
“X” 15 greatly different from the pixel value of Y™ as 1llus-
trated in FI1G. 3B.

Although FIG. 2 illustrates the subject 1000 including
seven different substances 1 to 7, the same can be said for
seven objects that are different in the degree of absorbed
X-ray dose. In this case, the substance 1 (i1.e., X) and the
substance 2 (1.€., Y) are, for example, the same water but are
different 1n thickness. Each substance may be a mixed sub-
stance. For example, the substance 1 1s a mixed substance
including a water layer having a thickness of 1 cm and a
calcium layer having a thickness of 2 cm (1.e., having a
thickness of 3 cm 1n total).

The histogram 1 1llustrated in FIG. 3A and the histogram 2
illustrated 1 FIG. 3B are different in the distribution (i.e.,
shape) of the histogram. More specifically, the histogram 2
illustrated 1n FIG. 3B 1s relatively flat in the distribution
compared to the histogram 1 illustrated in FIG. 3A. As
described above, compared to the X-ray image relevant to the
histogram 1 illustrated 1n FIG. 3A, the X-ray image relevant
to the histogram 2 illustrated in FIG. 3B 1s desired to discrimi-
nate the internal state of the subject 1000. Therefore, the
present exemplary embodiment takes the above-described
knowledge into consideration to determine the X-ray irradia-
tion conditions. More specifically, the X-ray 1rradiation con-
dition determination unit 104 determines the X-ray 1rradia-
tion conditions 1n such a way as to flatten the distribution of a
histogram that can be calculated by the histogram calculation
unit 103.

In this case, for example, the X-ray irradiation condition
determination unit 104 can calculate a degree of tlatness with
respect to the distribution of a histogram that can be calcu-
lated by the histogram calculation unit 103. For example, the
X-ray 1rradiation condition determination unit 104 can cal-
culate a degree of straightness with respect to the envelope of
a cumulative histogram, as an example of the degree of tlat-
ness with respect to the distribution of the histogram. FI1G. 3C
illustrates a cumulative histogram of the histogram 1 1llus-
trated 1n FI1G. 3A. FIG. 3D illustrates a cumulative histogram
of the histogram 2 illustrated 1n FIG. 3B. In FIGS. 3C and 3D,
cach dotted line represents a cumulative histogram and each
solid line represents the envelope of the cumulative histo-
gram. As understood from FIGS. 3C and 3D, the envelop line
illustrated 1n FIG. 3D 1s close to a straight line compared to
the envelop line illustrated in FIG. 3C. In this case, 1t the
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straight line 1s expressed using the coordinates (pixel value,
cumulative frequency), the straight line 1s a line linearly con-
necting the origin (0, 0) and a point (maximum pixel value,
number of pixels of the screen).

For example, an area that 1s surrounded by an envelope
curve and a straight line can be used to evaluate the degree of
straightness of the envelope curve as illustrated in FIG. 4.

FIG. 4 1llustrates an example of the method for calculating
the degree of straightness, which can be applied to the enve-
lopes of the cumulative histograms 1illustrated in FIGS. 3C
and 3D. According to the example illustrated 1n FIG. 4, 1t 1s
determined that the degree of straightness of the envelope 1s
larger as an area of a hatched region surrounded by the enve-
lope of the cumulative histogram and the straight line is
smaller.

According to this method, the flatness (1.e., degree of tlat-
ness) of a histogram can be obtained as a numerical value,
which may be an index that can be expressed using, for
example, the following formula (1):

(1)

The 1index that can be expressed using the formula (1) has
a value 1n the range from O to 1. If the index value 1s close to
1, the histogram has a large flatness. A method for determin-
ing the X-ray 1rradiation conditions may include capturing a
plurality of X-ray images under various tube voltages and
selecting an optimum tube voltage that can flatten the distri-
bution of an obtained histogram.

If an average luminance value of the X-ray image “B” that
can be displayed by the display unit 106 1s not constant,
namely 1f the average luminance value fluctuates, the X-ray
image “B” may not be used for observation. In the present
exemplary embodiment, the image processing unit 105 per-
forms 1mage processing beforehand for correcting the aver-
age luminance value of the X-ray image “A” to have a prede-
termined constant value. More specifically, as an i1mage
processing method, the image processing unit 103 can add a
correction value K to all pixels of the X-ray image “A.”

For example, the image processing unit 105 can use the
following formula to calculate a correction value K that can
equalize an average luminance value of the X-ray image “B”
with a constant value {3:

Flatness of histogram=1/{(area of hatched region)+1 }

K=(p-a)

In the above formula, o represents the average luminance
value of the X-ray image “A.” By adding the correction value
K calculated according to the above-described formula to the
X-ray 1image “A”, the average luminance value of the X-ray
image “B” can be equalized with the constant value 3.

Alternatively, there 1s a method for changing, in real time,
a gradation conversion curve that may be used to convert an
input 1mage nto an output 1mage.

FIG. 20 illustrates an example of the gradation conversion
curve that can be changed by the image processing unit 105
illustrated 1n FIG. 1. In FIG. 20, an abscissa axis represents
the pixel value of an mput image and an ordinate axis repre-
sents the pixel value of an output image. In a case where the
image processing unit 105 performs only the gradation con-
version processing, the X-ray image “A” 1s an mput image
and the X-ray image “B” 1s an output image.

As 1llustrated 1n FIG. 20, 11 a present gradation conversion
curve 2001 moves to the right without changing 1ts shape,
another gradation conversion curve 2002 can be obtained. If
the gradation conversion i1s performed using the gradation
conversion curve 2002 (1.e., the moved (changed) gradation
conversion curve), an output image has smaller pixel values
compared to the image that can be obtained before the gra-
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dation conversion curve 1s changed. Accordingly, the average
luminance value becomes small. This 1s because a relation-
ship 101(x)>102(x) 1s satisfied, when “X” represents an input
pixel, 101(x) represents the gradation conversion curve 2001,
and 102(x) represents the gradation conversion curve 2002.
Similarly, if the gradation conversion curve moves to the left,
the average luminance value becomes larger.

As described above, the average luminance value can be
changed by moving (changing) the gradation conversion
curve. In the present exemplary embodiment, to equalize the
average luminance of the X-ray image “B” with the constant
value 3, the 1mage processing unit 105 calculates an average
luminance [3' of the X-ray image “B” after the X-ray image
“B” 1s generated from the X-ray image “A”, and moves the
gradation conversion curve to the right 11 3' 1s larger than 3 or
moves the gradation conversion curve to the left 1f 3 1s
smaller than f.

By speedily and repeatedly executing the above-described
operation 1n real time, the 1mage processing unit 105 can
equalize the average luminance of the X-ray image “B” with
3. A fluctuation that may occur during the above-described
operation repetitively executed may not be percerved 1n a
short period of time. However, it 1s desired that such a tluc-
tuation 1s not displayed. Therefore, the display unit 106 can
continuously display the X-ray image “B” of a previous frame
i the above-described operation 1s executed repetitively, and
can display the X-ray image “B” of the present frame only
after the average luminance becomes 3.

A processing procedure of a method for driving the X-ray
imaging apparatus 100 according to the first exemplary
embodiment 1s described below. FIG. 5 1s a flowchart 1llus-
trating an example of a processing procedure of a method for
driving an X-ray imaging apparatus (1.¢., a radiation i1maging
apparatus) according to the first exemplary embodiment. The
flowchart 1llustrated 1n FIG. 5 relates to processing for cap-
turing a moving image.

First, 11 a user inputs an X-ray 1rradiation mstruction via an
operation unit (not illustrated) of the X-ray imaging apparatus
100, the processing proceeds to step S101. In this case, to
input the X-ray irradiation instruction via the operation unit,
the user may press, for example, a foot pedal or an exposure
button.

When the processing proceeds to step S101, the X-ray
irradiation condition determination unit 104 reads initial val-
ues of the X-ray 1rradiation conditions, which can be stored
beforehand in 1ts built-in storage device. The X-ray irradia-
tion condition determination unit 104 sets the mitial values of
the X-ray wrradiation conditions. The mnitial values of the
X-ray 1rradiation conditions that can be stored beforehand are
values that are adapted for a portion of the subject 1000 that
may be observed. For example, 11 a portion of the subject 1000
that may be observed 1s thick, the X-ray 1rradiation conditions
can be set to emit an X-ray whose intensity 1s large. For
example, 1f a portion of the subject 1000 that may be observed
1s thin, the X-ray irradiation conditions can be set to emit an
X-ray whose intensity 1s small. In the present exemplary
embodiment, the 1imitial values of the X-ray 1rradiation con-
ditions are not limited to specific values.

In step S102, the X-ray generation unit 101 emits an X-ray
toward the subject 1000 based on the X-ray 1rradiation con-
ditions that can be set by the X-ray irradiation condition
determination unit 104. In step S103, the X-ray sensor unit
102 detects the transmission X-ray 1015 that has penetrated
through the subject 1000 and captures the X-ray image “A”
based on the transmission X-ray 1015. Namely, the X-ray
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sensor unit 102 acquires the X-ray image “A” and outputs the
acquired X-ray image “A” to the histogram calculation unit

103.

In step S104, the histogram calculation unit 103 calculates
a histogram resulting from pixel values of the X-ray image
“A” acquired 1n step S103. In step S105, the X-ray 1rradiation
condition determination unit 104 determines X-ray 1rradia-
tion conditions for an X-ray to be emitted by the X-ray gen-
eration unit 101 based on the histogram that can be calculated
by the histogram calculation unit 103. More specifically, in
step S105, the X-ray 1rradiation condition determination unit
104 calculates a degree of flatness with respect to the distri-
bution of the histogram based on the histogram calculated in
step S104 and determines the X-ray 1rradiation conditions
according to the calculated degree of flatness.

In this case, the X-ray 1rradiation condition determination
umt 104 stores, in 1ts internal storage device, a numerical
value representing the degree of flatness with respect to the
distribution of the histogram in association with the X-ray
irradiation conditions for the present 1mage capturing opera-
tion. Subsequently, the X-ray irradiation condition determi-
nation unit 104 performs processing for changing the X-ray
irradiation conditions. In this case, the X-ray rradiation con-
ditions can be changed, for example, by slightly increasing or
decreasing the tube voltage and slightly increasing or
decreasing the tube current.

As described above, to flatten the distribution of the histo-
gram, the present exemplary embodiment calculates the
degree of straightness with respect to the envelope of a cumu-
lative histogram. In this case, 1f the histograms 1llustrated 1n
FIGS. 3A and 3B dewviate toward a smaller pixel value side,
the tube current can be increased or the tube voltage can be
increased, or both the tube current and the tube voltage can be
increased. If the histogram deviates to a larger pixel value
s1de, the tube current can be decreased or the tube voltage can
be decreased, or both the tube current and the tube voltage can
be decreased.

I1 the pixel values does not have a one-sided distribution,
the X-ray 1rradiation conditions that may be set after the
change can be determined beforehand for the purpose of
reducing the X-ray amount that may be absorbed by the
subject 1000, for example, by slightly decreasing the tube
voltage or slightly decreasing the tube current. Moreover, a
change amount of the tube voltage or the tube current can be
determined using a random number.

Then, 1 step S106, the X-ray 1rradiation condition deter-
mination umt 104 sets the X-ray irradiation conditions deter-
mined in step S105 to the X-ray generation unit 101. The
X-ray irradiation condition determination unit 104 outputs
the X-ray image “A” acquired in step S103 to the image
processing unit 105. Then, the X-ray imaging apparatus 100
performs processing of steps S107 and S108. The X-ray
imaging apparatus 100 can execute the processing of steps
S107 and S108 simultaneously and 1n parallel with the pro-
cessing of steps S104 to S106.

When the processing proceeds to step S107, the image
processing unit 105 performs predetermined 1image process-
ing on the X-ray image “A” and generates an image-pro-
cessed X-ray 1image “B.” In this case, the image processing
unit 1035 can execute, for example, noise reduction processing
and sharpening processing on the X-ray image “A.”” The
image processing unit 105 further performs image processing
for equalizing the average luminance of the X-ray image “B”
that can be displayed by the display unit 106 with a constant
value, for example, by changing the gradation curve 1n real
time, as described above.
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In step S108, the display unit 106 displays the X-ray image
“B” that can be received from the 1mage processing unit 105.
If the X-ray imaging apparatus 100 completes the processing
ol step S106 or step S108, the processing returns to step S102.
In the processing of the second cycle (1.¢., the second frame),
the X-ray irradiation condition determination unit 104 per-
forms different processing in step S105. In the above-de-
scribed step S1035 for the first cycle (1.e., the first frame), the
X-ray 1rradiation condition determination umt 104 has
changed the X-ray 1rradiation conditions based on predeter-
mined rules. In the processing of step S105 for the second
cycle (1.e., the second frame) and subsequent cycles, the
X-ray wrradiation condition determination unit 104 calculates
a change of the histogram that may occur 1n the degree of
flatness due to a change 1n the X-ray irradiation conditions,
and determines the X-ray irradiation conditions referring to a
calculation result.

More specifically, in the second cycle, the X-ray irradiation
condition determination unit 104 compares a flatness of the
distribution of the histogram calculated in the second cycle
with the flatness of the distribution of the histogram stored in
the first cycle, and selects X-ray 1rradiation conditions
capable of increasing the flatness as X-ray 1rradiation condi-
tions for the third cycle. Alternatively, the X-ray irradiation
condition determination unit 104 can predict X-ray 1rradia-
tion conditions that can increase the flatness, and can change
the X-ray irradiation conditions based on a predicted result.
For example, according to an example of the prediction, if the
flatness of the distribution of the histogram becomes smaller
due to the tube voltage increase in the second cycle, the X-ray
irradiation condition determination unit 104 can increase the
flatness of the distribution of the histogram by reducing the
tube voltage for the third cycle compared to that for the
second cycle (or the first cycle). Therefore, the X-ray 1rradia-
tion condition determination unit 104 can reflect such a
change 1n the X-ray irradiation conditions.

If the above-described prediction cannot be performed in
the second cycle, the X-ray irradiation condition determina-
tion unit 104 does not retlect any prediction 1n the X-ray
irradiation conditions. Then, if the prediction can be per-
formed 1n the third cycle or 1n a subsequent cycle, the X-ray
irradiation condition determination unit 104 can reflect the
prediction in the X-ray irradiation conditions. If there are
many data relating to the flatness of the distribution of the
histogram that are available to determine the X-ray irradiation
conditions, the prediction can be accurately performed to
increase the flatness.

As described above, the X-ray 1rradiation condition deter-
mination umt 104 calculates a flatness of the distribution of a
histogram resulting from pixel values of a plurality of X-ray
images “A’ that can be obtained by repeatedly performing the
image capturing operation. The X-ray 1rradiation condition
determination unit 104 can determine the X-ray irradiation
conditions capable of flattening the distribution of the histo-
gram.

For example, the cycle for capturing an X-ray image for the
X-ray 1imaging apparatus can be set to 30 frames per second or
10 frames per second. In this case, if a long time 1s required to
complete the processing for determining the X-ray 1irradiation
conditions 1n step S105, it may be difficult to maintain the
image capturing cycle. Therefore, the processing may pro-
ceed to step S106 without completing the processing of step
S105. In this case, 1n step S106, the X-ray imaging apparatus
100 can set X-ray 1rradiation conditions similar to those that
have been used 1n the previous cycle.

For example, 1n step S108, the display umit 106 can display
a numerical value representing the degree of flatness with
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respect to the distribution of the histogram calculated 1n step
S105. Through the display, a user (1.e., an observer) can
determine whether the X-ray image that can be displayed by
the display unit 106 includes a sutificient amount of internal
information of the subject 1000. For example, 11 the subject
1000 moves, 1t takes a significant time to find optimum X-ray
irradiation conditions, during which the flatness of the histo-
gram may be small. In this case, referring to the flatness of the
histogram displayed by the display unit 106, the user can
confirm the possibility that the X-ray 1rradiation conditions
may soon reach optimum values.

FIG. 6 1illustrates an example of the configuration of an
X-ray 1maging apparatus (i.¢., a radiation imaging apparatus)
200 according to a second exemplary embodiment of the
present invention. In FIG. 6, constituent components and
portions similar to those illustrated in FIG. 1 are denoted by
the same reference numerals.

As 1llustrated 1n FI1G. 6, the X-ray imaging apparatus 200
according to the second exemplary embodiment includes a
subject absence pixel value data table 201, an absorbed dose
calculation unit 202, and an 1irradiation X-ray dose equivalent
curve data table 203 1n addition to a configuration similar to
that of the X-ray imaging apparatus 100 according to the first
exemplary embodiment. The X-ray imaging apparatus 200
according to the second exemplary embodiment further
includes an X-ray 1rradiation condition determination unit
204 that can perform processing different from the processing
performed by the X-ray wrradiation condition determination
umt 104 of the X-ray imaging apparatus 100 according to the
first exemplary embodiment.

The subject absence pixel value data table 201 1s a table
relating to X-ray irradiation conditions, which can set pixel
value data of an X-ray image captured by the X-ray sensor
unmit 102 1n a state where the subject 1000 1s absent between
the X-ray generation unit 101 and the X-ray sensor unit 102.

The absorbed dose calculation unit 202 calculates an X-ray
dose that may be absorbed by the subject 1000 based on the
X-ray 1mage captured by the X-ray sensor unit 102 1n a state
where the subject 1000 1s present between the X-ray genera-
tion unit 101 and the X-ray sensor unit 102 referring to the
subject absence pixel value data table 201.

The irradiation X-ray dose equivalent curve data table 203
1s an equivalent curve data table that relates to the X-ray
irradiation conditions and can set a plurality types of equiva-
lent curve data for the X-ray dose (1.e., radiation dose) of the
X-ray that can be emitted from the X-ray generation unit 101.

The X-ray wrradiation condition determination unit 204
determines the X-ray irradiation conditions based on the his-
togram that can be calculated by the histogram calculation
unit 103 as well as based on the absorbed dose that can be
calculated by the absorbed dose calculation unit 202 referring
to the equivalent curve data of the irradiation X-ray dose
equivalent curve data table 203.

In the first exemplary embodiment, the X-ray 1maging
apparatus 100 sets the X-ray irradiation conditions 1n such a
way as to flatten the distribution of the histogram resulting
from pixel values of the X-ray image “A” for the purpose of
acquiring an X-ray image that includes a sufficient amount of
internal information of the subject 1000 and 1s suitable for
observation. In addition to the purpose of the first exemplary
embodiment, the second exemplary embodiment performs
setting of the X-ray irradiation conditions for another purpose
for reducing the X-ray amount absorbed by the subject 1000.

A method for determining the X-ray irradiation conditions
capable of reducing the X-ray amount absorbed by the subject
1000 1s described below. To reduce the physical burden of the
subject 1000, amethod [1] for decreasing the irradiation dose
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of the X-ray and a method [2] for decreasing the X-ray dose
that may be absorbed by the subject 1000 are available.

The method [1] 1s an approach that the X-ray dose that may
be absorbed by the subject 1000 can be reduced by decreasing
the X-ray dose (irradiation X-ray dose) of the 1rradiation
X-ray 101qa that can be emaitted from the X-ray generation unit
101. In this case, the X-ray imaging apparatus 200 can fix the
X-ray 1rradiation conditions (e.g., tube voltage, tube current,
and 1rradiation time) to determine the irradiation X-ray dose.
Therefore, the X-ray imaging apparatus 200 can control the
X-ray 1irradiation conditions. In this case, i the X-ray imaging,
apparatus 200 determines the irradiation X-ray dose, the
X-ray trradiation conditions (e.g., tube voltage, tube current,
and 1rradiation time) are finalized. For example, the X-ray
imaging apparatus 200 can determine the X-ray irradiation
conditions so that the irradiation X-ray dose can be reduced to
100 micro-roentgens or less. However, 1n this case, the X-ray
dose that may be absorbed by the subject 1000 may not be
always reduced even if the 1rradiation X-ray dose 1s set to a
small value.

Compared to the above-described method [1], the method
[2] can surely decrease the X-ray dose that may be absorbed
by the subject 1000 although 1t 1s necessary to calculate the
X-ray dose that may be absorbed by the subject 1000. How-
ever, accurately calculating the X-ray dose that may be
absorbed by the subject 1000 1s not easy and improving 1ts
accuracy 1s diificult.

Hence, the present exemplary embodiment decreases the
X-ray dose that may be absorbed by the subject 1000 accord-
ing to the method [1] or the method [2], or according to a
combination of these methods. An exemplary embodiment
tor realizing the method [1] 1s described below.

FIGS. 7A and 7B 1illustrate details of the 1irradiation X-ray
dose equivalent curve data table 203 1llustrated in FIG. 6. The
data 1llustrated 1n FIGS. 7A and 7B can be created before-

hand, for example, as part of a calibration work.

FIG. 7A 1llustrates an “irradiation X-ray dose map™ (1.€.,
data of the irradiation X-ray dose), which can be measured by
changing the tube voltage and the tube current (1.e., X-ray
irradiation conditions). In the irradiation X-ray dose map

illustrated in FIG. 7A, each point where a dotted line extend-
ing 1n the horizontal direction crosses with a dotted line
extending in the vertical direction represents a measurement
value of the irradiation X-ray dose. The measurement of the
irradiation X-ray dose can be performed, for example, on the
condition that the X-ray irradiation time 1s constant, or a
product of the X-ray irradiation time and the tube current 1s
constant.

FIG. 7B illustrates an irradiation X-ray dose equivalent
curve group, which can be obtained by connecting a plurality
of points whose 1rradiation X-ray dose 1s the same 1n the
irradiation X-ray dose map 1illustrated in FIG. 7A. The table
illustrated 1n FIG. 7B corresponds to the irradiation X-ray
dose equivalent curve data table 203 illustrated 1n FIG. 6.
FIGS. 8A to 8C illustrate examples of the irradiation X-ray
dose equivalent curve data table 203 1llustrated in FIG. 6.

For example, a data table 1llustrated 1n FI1G. 8 A can be used
as the 1irradiation X-ray dose equivalent curve data table 203
illustrated 1 FIG. 7B. FIG. 8A illustrates irradiation X-ray
dose equivalent curve data for the X-ray dose of 10 micro-
roentgens, 20 micro-roentgens, 30 micro-roentgens, 40
micro-roentgens, and 50 micro-roentgens. If the X-ray dose
of 30 micro-roentgens 1s designated, a combination of a tube
voltage value and a tube current value-capable of realizing the
X-ray dose of 30 micro-roentgens can be acquired as illus-
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trated 1n FIG. 8B. In this case, the combination of the tube
voltage and the tube current 1s, for example, (X1, Y1) and
(X2,Y2)

In this case, there are numerous combinations of the tube
voltage and the tube current. It1s, therefore, usetul to limit the
range of the X-ray irradiation conditions. As described above,
by limiting the range of the X-ray 1rradiation conditions, the
time required for the image capturing operation can be
reduced and the X-ray amount absorbed by subject can be
reduced.

For example, to reduce the X-ray dose that may be
absorbed by the subject 1000, the X-ray irradiation conditions
can be determined to set the irradiation X-ray dose of 30
micro-roentgens or less. However, i the irradiation X-ray
dose 1s set to a smaller value, the noise may increase due to an
influence of the X-ray quantum mottle. The image quality of
a captured X-ray 1image may be dissatisiactory in this case.
Theretore, 11 1t 1s required to reduce the 1rradiation X-ray dose
to 30 micro-roentgens or less, the trade-oil between the
requirement to reduce the X-ray dose that may be absorbed by
the subject 1000 and the requirement to improve the image
quality of the X-ray image can be balanced when the 1rradia-
tion X-ray dose 1s set to 30 micro-roentgens.

I1 only the upper-limit value of the irradiation X-ray dose 1s
determined, 1t may be difficult to limit the range of X-ray
irradiation conditions. Therefore, 1n this case, it 1s useful to
take the X-ray dose sensitivity limit of the X-ray sensor unit
102 into consideration. For example, 11 the X-ray dose sensi-
tivity limit of the X-ray sensor unit 102 1s 10 micro-roentgens
and the upper-limit value of the irradiation X-ray dose 1s 200
micro-roentgens, a hatched area 1llustrated i FIG. 8C indi-
cates the range of the X-ray 1rradiation conditions.

In this case, the lower-limit value of the 1irradiation X-ray
dose may not be dependent on the X-ray dose sensitivity limait
of the X-ray sensor unit 102. For example, 1t may be useful to
measure an 1rradiation X-ray dose that i1s inherent to the
performances of the image processing unit 105 and the mea-
sured irradiation X-ray dose can be used. If determining the
lower-limit value of the 1rradiation X-ray dose 1s difficult, the
lower-limit value of the irradiation X-ray dose may be set to
0. In this case, 1t 1s impossible to limit the range at the
lower-limit of the X-ray 1rradiation conditions.

An exemplary embodiment for realizing the method [2] 1s
described below. The method [2] 1s capable of decreasing the
X-ray dose that may be absorbed by the subject 1000. In the
present exemplary embodiment, the absorbed dose calcula-
tion unit 202 calculates the X-ray dose that may be absorbed
by the subject 1000. In this case, 1t 1s assumed that “the X-ray
dose that can be received by the X-ray sensor unit 102 1s equal
to a difference between the 1rradiation X-ray dose and the
X-ray dose that may be absorbed by the subject 1000, and an
X-ray 1mage can be formed by the X-ray dose that can be
received by the X-ray sensor unit 102.” More specifically, the
X-ray dose that may be absorbed by the subject 1000 can be
calculated by subtracting the X-ray dose having reached
X-ray sensor unit 102 from the irradiation X-ray dose,
according to the following formula (2):

Absorbed dose=1rradiation X-ray dose—X-ray dose
having reached the X-ray sensor unit 102

(2)

The pixel value of the X-ray image 1s dependent on the
X-ray dose. This relationship can be expressed using a func-
tional expression 1{ ) defined by the following formula (3):

Pixel value of X-ray image=f (X-ray dose having
reached the X-ray sensor unit 102)

(3)

The functional expression 1( ) of the formula (3) 1s a mono-
tonic increasing function and, therefore, its inverse function 1s
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present. When a functional expression h( ) defines the inverse
function, the formula (3) can be expressed using the following

formula (4):

X-ray dose having reached the X-ray sensor unit

102=h(pixel value of X-ray image) (4)

The formula (2) can be converted into the following for-
mula (3), 11 the formula (4) 1s taken into consideration:

Absorbed dose=irradiation X-ray dose-# (pixel value

of X-ray image) (5)

The rradiation X-ray dose corresponds to subject absence
pixel values, 1.e., pixel values of an X-ray image that can be
captured by the X-ray sensor unit 102 in a state where the
subject 1000 1s absent between the X-ray generation unit 101
and the X-ray sensor umit 102. The following formula (6) can
be obtained by inputting absorbed dose=0 1n the formula (5):

[rradiation X-ray dose=#(pixel value of X-ray image
obtained when the subject 1000 1s absent )=A(sub-
ject absence pixel value of X-ray image)

(6)

From the foregoing, 1t 1s understood that the X-ray dose
that may be absorbed by the subject 1000 can be calculated
according to the following formula (7):

Absorbed dose=/A(subject absence pixel value of

X-ray image)-h(pixel value of X-ray image) (7)

If the function h( ) can be regarded as a linear function, the
tformula (7) can be converted into the following formula (8):

Absorbed dose=/A(subject absence pixel value of
X-ray image—pixel value of X-ray image)

(8)

In the present exemplary embodiment, the above-described
subject absence pixel value data of the X-ray image can be
stored beforehand as the subject absence pixel value data
table 201.

FIGS. 9A and 9B illustrate details of the subject absence
pixel value data table 201 illustrated in FIG. 6.

In this case, FIG. 9A illustrates pixel value data of an X-ray
image captured by the X-ray sensor unit 102 1n a state where
the subject 1000 1s absent between the X-ray generation unit
101 and the X-ray sensor unit 102, which can be obtained by
changing the tube voltage and the tube current (1.e., X-ray
irradiation conditions). The data 1llustrated in FIG. 9A can be
referred to as a “subject absence pixel value map of the X-ray
sensor unit 102.” The subject absence pixel value map of the
X-ray sensor unit 102 illustrated in FIG. 9A may include only
one point. However, 1t 1s desired that the map includes a
plurality of points. The subject absence pixel value data table
201 1llustrated 1n FIG. 6 can be created based on the data of
the “subject absence pixel value map of the X-ray sensor unit
102" illustrated in FIG. 9A.

In this case, 1t 1s desired that a subject absence pixel value
at any position of the X-ray sensor unit 102 can be estimated
based on a subject absence pixel value at a position where the
X-ray sensor unit 102 1s present. In general, the X-ray that can
be emitted from the X-ray generation unit 101 spreads widely
and reaches the X-ray sensor unit 102 as 1illustrated 1n FIG.
9B. Theretore, even when the subject 1000 1s absent, an X-ray
dose at the point “A” 1s different from an X-ray dose at the
point “B” and a pixel value at the point “A” 1s different from
a pixel value at the point “B.”

In this case, a measurement method may include measur-
ing a subject absence pixel value at the point “A” beforehand
and estimating a pixel value of the point “B” and a pixel value
ol another position based on the pixel value measured at the
point “A.”” Another measurement method may include mea-
suring subject absence pixel values at both the point “A” and

the point “B” beforehand and estimating a pixel value of other
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position based on the pixel values measured at the point “A”
and the point “B.” Moreover, another measurement method
may include measuring pixel values of all pixels. However, in
this case, 1t 1s necessary to acquire many X-ray images for
respective combinations of the tube voltage and the tube
current. Therefore, the data amount may become very large.
To suppress the influence by the noise 1n the measurement of
the subject absence pixel value, 1t 1s desired to use an addition
average result.

A processing procedure of a method for driving the X-ray
imaging apparatus 200 according to the second exemplary
embodiment 1s described below.

FIG. 10 1s a flowchart illustrating an example of a process-
ing procedure of a method for driving an X-ray imaging
apparatus (1.e., a radiation 1imaging apparatus) according to
the second exemplary embodiment. The tlowchart illustrated
in FI1G. 10 relates to processing for capturing a moving image.
In F1G. 10, steps similar to those of the flowchart illustrated 1n
FIG. § are denoted by the same reference numerals and their
descriptions are not repeated.

If a user inputs an X-ray irradiation instruction, the X-ray
imaging apparatus 200 performs the processing of steps S101
to S103 illustrated in FIG. 5.

If the X-ray imaging apparatus 200 completes the process-
ing of step S103, the X-ray imaging apparatus 200 simulta-
neously performs processing of steps S104, S201, and S107
in parallel with each other. More specifically, in step S104, the
histogram calculation unit 103 calculates a histogram result-
ing from pixel values of the X-ray image “A” acquired 1n step
S103.

In step S201, the absorbed dose calculation unit 202 cal-
culates an X-ray dose that may be absorbed by the subject
1000 based on the X-ray image “A” acquired 1n step S103.

More specifically, 1n step S201, the absorbed dose calcu-
lation unit 202 extracts a subject absence pixel value of the
X-ray sensor unit 102 that corresponds to the X-ray irradia-
tion conditions set 1 step S101 referring to the subject
absence pixel value data table 201. In this case, the subject
absence pixel value data table 201 corresponds to the subject
absence pixel value map of the X-ray sensor unit 102 1llus-
trated 1n FI1G. 9A, as described above.

Subsequently, the absorbed dose calculation unit 202 cal-
culates an X-ray dose that may be absorbed by the subject
1000 based on the X-ray image “A” acquired 1n step S103
referring to the extracted subject absence pixel value of the
X-ray sensor unit 102. If the X-ray imaging apparatus 200
completes the processing of step S104 or step S201, the
processing proceeds to step S202.

When the processing proceeds to step S202, the X-ray
irradiation condition determination unit 204 determines the
X-ray 1rradiation conditions based on the histogram calcu-
lated 1n step S104 and the absorbed dose calculated 1n step
S201 referring to the equivalent curve data of the 1rradiation
X-ray dose equivalent curve data table 203.

More specifically, in step S202, the X-ray 1rradiation con-
dition determination unit 204 calculates a degree of flatness
with respect to the histogram. Then, the X-ray 1rradiation
condition determination unit 204 stores, 1n 1ts internal storage
device, a numerical value representing the calculated degree
of flatness with respect to the distribution and a numerical
value representing the X-ray dose that may be absorbed by the
subject 1000 calculated 1n step S201 1n association with the
X-ray 1rradiation conditions for the present image capturing,
operation. Subsequently, the X-ray irradiation condition
determination unit 204 performs processing for changing the
X-ray 1rradiation conditions.
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The processing for changing the X-ray irradiation condi-
tions, which can be performed by the X-ray irradiation con-
dition determination unit 204, 1s similar to the processing of
step S105 described 1n the first exemplary embodiment. In the
present exemplary embodiment, the X-ray irradiation condi-
tion determination unit 204 uses equivalent curve data of the
irradiation X-ray dose equivalent curve data table 203. In this
case, for example, 11 1t1s desired to select the 1rradiation X-ray
dose of 30 micro-roentgens 1llustrated 1n FIG. 8B, the X-ray
irradiation condition determination unit 204 uses equivalent
curve data of 30 micro-roentgens as the X-ray irradiation
conditions. In this case, 1n the next X-ray image capturing
operation, the X-ray imaging apparatus 200 captures an X-ray
image “A’ based on the selected X-ray 1rradiation conditions
(1.e., the equivalent curve data of 30 micro-roentgens). The
histogram calculation unit 103 calculates a histogram based
on the captured X-ray image “A.”

If the upper-limit value and the lower-limit value of the
irradiation X-ray dose are already known, for example, as
illustrated 1n FIG. 8C, the X-ray irradiation condition deter-
mination unit 204 can use the X-ray 1rradiation conditions
based on a region surrounded by the equivalent curve data
corresponding to the upper-limit value of the irradiation
X-ray dose and the equivalent curve data corresponding to the
lower-limit value of the irradiation X-ray dose. In this case, 1n
the next X-ray image capturing operation, the X-ray imaging,
apparatus 200 captures an X-ray image “A” based on the
X-ray wrradiation conditions, which has been selected based
on the region surrounded by the equivalent curve data corre-
sponding to the upper-limit value of the irradiation X-ray
dose and the equivalent curve data corresponding to the
lower-limit value of the irradiation X-ray dose. The histogram
calculation unit 103 calculates a histogram based on the cap-
tured X-ray image “A”.

If the X-ray imaging apparatus 200 completes the process-
ing of step S202, then 1n step S203, the X-ray 1rradiation
condition determination unit 204 sets the X-ray 1rradiation
conditions determined 1n step S202 to the X-ray generation
unit 101. If the X-ray imaging apparatus 200 completes the
processing of step S203 or step S108, the processing returns
to step S102. In the processing of the second cycle (1.e., the
second frame), the X-ray 1imaging apparatus 200 performs
different processing in step S202. In the above-described step
5202 for the first cycle (1.e., the first frame), the X-ray 1mag-
ing apparatus 200 has changed the X-ray 1rradiation condi-
tions based on predetermined rules. In the processing of step
5202 for the second cycle (i.e., the second frame) and subse-
quent cycles, the X-ray imaging apparatus 200 calculates a
change of the histogram that may occur in the degree of
flatness and a change of the X-ray dose that may be absorbed
by the subject 1000 due to a change 1n the X-ray 1rradiation
conditions, and determines the X-ray 1rradiation conditions
referring to a calculation result.

Therelore, the present exemplary embodiment prepares an
evaluation index as a unified index that can be used to express
both the degree of tlatness with respect to the histogram and
the X-ray dose that may be absorbed by the subject 1000. The
following formula (9) represents an example of the evaluation
index.

Evaluation index=a (flatness of histogram)+p (1/{ab-

sorbed dose+1}) (9)

In this case, the formula (9) includes two constants . and f3.
I1 the evaluation index defined by the formula (9) 1s large, the
degree of flatness of the histogram becomes larger and the
X-ray dose thatmay be absorbed by the subject 1000 become
smaller. Namely, the X-ray irradiation condition determina-

10

15

20

25

30

35

40

45

50

55

60

65

18

tion unit 204 determines the X-ray irradiation conditions in
such a way as to increase the evaluation index defined by the
formula (9). The evaluation index can be expressed using an
appropriate formula other than the above-described formula
(9). For example, desired X-ray 1rradiation conditions may be
obtained when the evaluation index 1s small. In this case, the
X-ray wrradiation condition determination unit 204 deter-
mines the X-ray wrradiation conditions 1n such a way as to
decrease the evaluation 1ndex. The above-described evalua-
tion 1ndex may be referred to as a “unified evaluation index.”
In this case, the X-ray 1rradiation condition determination
unit 204 calculates each unified evaluation index based on the
numerical value representing the degree of flatness with
respect to the histogram and the numerical value representing
the X-ray dose that may be absorbed by the subject 1000,
which are stored 1n each cycle.

In the processing of step S202 for the second cycle (1.¢., the
second frame), the X-ray 1rradiation condition determination
unit 204 compares the unified evaluation index obtained in the
first cycle with the unified evaluation index obtained 1n the
second cycle. The X-ray 1rradiation condition determination
unmit 204 selects X-ray irradiation conditions whose unified
evaluation 1ndex 1s large and sets the selected X-ray 1rradia-
tion conditions for the third cycle. The X-ray irradiation con-
dition determination unit 204 can further predict X-ray irra-
diation conditions that can increase the unified evaluation
index and change the X-ray irradiation conditions.

For example, if the unified evaluation index becomes
smaller as a result of the increase of the tube voltage 1n the
second cycle, it can be predicted that the unified evaluation
index can be increased by reducing the tube voltage for the
next cycle (1.e., the third cycle) compared to that for the
second cycle (or the first cycle). Therelfore, the X-ray 1rradia-
tion condition determination unmit 204 can reflect such a
change in the X-ray wrradiation conditions. If the above-de-
scribed prediction cannot be performed in the second cycle,
the X-ray irradiation condition determination unit 204 does
not reflect any prediction 1n the X-ray irradiation conditions.
Then, 11 the prediction can be performed in the third cycle or
in a subsequent cycle, the X-ray irradiation condition deter-
mination unit 204 can retlect the prediction 1n the X-ray
irradiation conditions. If there are many unified evaluation
indices that are available to determine the X-ray irradiation
conditions, the prediction can be accurately performed to
increase the unified evaluation index.

For example, in step S108, the display unit 106 can display
a numerical value representing the degree of flatness with
respect to the distribution of the histogram calculated in step
S202. Through the display, a user (1.e., an observer) can
determine whether the X-ray image that can be displayed by
the display unit 106 includes a suificient amount of internal
information of the subject 1000. For example, 11 the subject
1000 moves, 1t takes a significant time to find optimum X-ray
irradiation conditions, during which the flatness of the histo-
gram may be small.

In this case, referring to the flatness of the histogram that
can be displayed by the display unit 106, a user can confirm
the possibility that the X-ray irradiation conditions may soon
reach optimum values. For example, 1n step S108, the display
unit 106 can display the numerical value representing the
X-ray dose that may be absorbed by the subject 1000, which
has been calculated 1n step S201. In this case, the user can
determine whether the X-ray dose that may be absorbed by
the subject 1000 1s large or small.

FIG. 11 illustrates an example of the configuration of an
X-ray 1imaging apparatus (1.¢., a radiation imaging apparatus)
300 according to a third exemplary embodiment of the
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present mvention. In FIG. 11, constituent components and
portions similar to those 1llustrated 1n FIG. 6 are denoted by
the same reference numerals.

As 1llustrated 1n FIG. 11, the X-ray imaging apparatus 300
according to the third exemplary embodiment includes an
average information amount calculation unit 301 1n addition
to a configuration similar to that of the X-ray imaging appa-
ratus 200 according to the second exemplary embodiment.
The X-ray imaging apparatus 300 according to the third
exemplary embodiment includes an X-ray 1rradiation condi-
tion determination umt 304 that can perform processing dif-
ferent from the processing performed by the X-ray irradiation
condition determination unit 204 of the X-ray imaging appa-
ratus 200 according to the second exemplary embodiment.

The average mnformation amount calculation unit 301 cal-
culates an average information amount relating to the lumi-
nance of the X-ray image “A” based on the histogram that can
be calculated by the histogram calculation unit 103.

The X-ray irradiation condition determination unit 304
determines X-ray 1rradiation conditions based on the average
information amount that can be calculated by the average
information amount calculation unit 301 as well as based on
the absorbed dose that can be calculated by the absorbed dose
calculation unit 202 referring to the equivalent curve data of
the 1irradiation X-ray dose equivalent curve data table 203.

In particular, 1n the present exemplary embodiment, the
X-ray 1rradiation condition determination unit 304 deter-
mines X-ray 1rradiation conditions for an X-ray to be emitted
from the X-ray generation unit 101 (1.e., the irradiation X-ray
101a) 1n such a way as to increase the average information
amount that can be calculated by the average information
amount calculation unit 301. Through the above-described
processing, the present exemplary embodiment can acquire
an X-ray image that includes a sufficient amount of internal
information of the subject 1000 and 1s suitable for observa-
tion, as described below 1n more detail.

FIGS. 12A to 12D 1illustrate examples of the distribution of
a histogram resulting from pixel values of the X-ray image,
which can be calculated by the histogram calculation unit 103
illustrated in FIG. 11. FIGS. 12A and 12B illustrate histo-
grams resulting from pixel values of X-ray images of the
subject 1000, which can be captured under different X-ray
irradiation conditions. In this case, the pixel value 1s a value
relating to the luminance of each pixel of the X-ray image.

Compared to an X-ray image relating to a histogram 1
illustrated 1n FIG. 12A, an X-ray image relating to a histo-
gram 2 illustrated in FIG. 12B includes a larger amount of
internal information of the subject that can be useful for
observation. More specifically, 1f no image processing 1s per-
formed, a user observes the subject through the X-ray image
that includes three colored patterns according to the example
illustrated in FIG. 12A. On the other hand, the user observes
the same subject through the X-ray image that includes four
colored patterns according to the example 1llustrated 1n FIG.
12B. This 1s why the X-ray image illustrated in FIG. 12B
includes a larger amount of internal information of the sub-
ject.

Each histogram 1llustrated 1n FIGS. 12A and 12B has a flat
distribution (i.e., shape). Therefore, similar to FIGS. 3C and
3D, cumulative histograms of the histograms illustrated 1n

FIGS. 12A and 12B have straight envelopes, which cannot be
discriminated from each other. Hence, the present exemplary
embodiment uses the average information amount to dis-
criminate one from the other.
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In this case, the average information amount that can be
calculated by the average information amount calculation

unit 301 can be, for example, expressed using the following
formula (10):

Average information amount=-2(Pi/M)*(Log Pi/M) (10)

In formula (10), “X” indicates a summation for the parameter
“1” (1=1 to N, and “N”" indicates a bin number of the histo-
gram) “P1” represents the frequency with respect to the 1-th
bin, and “M” represents the number of all pixels. In this case,
“M” and “P1” satisty a relationship of M=XP1.

The average information amount can be referred to as
“entropy.” In the present exemplary embodiment, the base of
the logarithm 1llustrated 1n formula (10) can be arbitrarily
selected from natural logarithm, 10, and 2.

According to the nature of the average information
amount, “if the bin number 1s N, the maximum value of the
average information amount 1s Log N.” In this case, “P1” 1s a
constant value irrespective of the parameter “17, 1.e., P1=P=
(M/N) More specifically, the average mformatlon amount can
be maximized when the frequency 1s the same for all pixel
values of the histogram. In this respect, an average informa-
tion amount of the histogram 2 illustrated in FIG. 12B 1s
larger than an average information amount of a histogram 3
illustrated in FIG. 12C.

As described above, the average information amount
becomes larger 1t the histogram 1s uniform 1n the distribution
of the frequency, compared to a case where the histogram 1s
not uniform 1n the distribution of the frequency. Therefore,
the average information amount can be used as an index that
1s equivalent to the “flatness of the histogram™ 1n the above-
described first exemplary embodiment (or in the second
exemplary embodiment). Accordingly, the X-ray 1rradiation
condition determination umt 304 determines the X-ray irra-
diation conditions for an X-ray (the irradiation X-ray 101a)
that can be generated by the X-ray generation unit 101 in such
a way as to increase the average information amount that can
be calculated by the average information amount calculation
unit 301.

The average information amount of the histogram 2 1llus-
trated mn FIG. 12B 1s larger than that of the histogram 1
illustrated 1n FIG. 12A. As described above, even 1n a case
where the comparison based on the “flatness of the histo-
gram’ cannot be used to discriminate one from the other, the
X-ray imaging apparatus 300 can acquire an X-ray image that
includes a sufficient amount of internal information of the
subject, which 1s useful for observation, based on the average
information amount.

A processing procedure of a method for driving the X-ray
imaging apparatus 300 according to the third exemplary
embodiment 1s described below. FI1G. 13 15 a flowchart 1llus-
trating an example of a processing procedure of a method for
driving an X-ray imaging apparatus (1.¢., a radiation imaging
apparatus) 300 according to the third exemplary embodiment
of the present invention. The tlowchart 1llustrated 1n FIG. 13
relates to processing for capturing a moving image. In FIG.
13, steps similar to those of the flowchart illustrated 1n FIG.
10 are denoted by the same reference numerals and their
descriptions are not repeated.

If a user inputs an X-ray irradiation instruction, the X-ray
imaging apparatus 300 performs the processing of steps S101
to S104 illustrated in FIG. 10. The X-ray imaging apparatus
300 simultaneously performs processing of step S104 and
processing of steps S201 and S107 in parallel with each other.

If the X-ray imaging apparatus 300 completes the process-
ing of step S104, the processing proceeds to step S301. When
the processing proceeds to step S301, the average information
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amount calculation umt 301 calculates an average informa-
tion amount relating to the luminance of the X-ray image “A”
based on the histogram that can be calculated by the histo-
gram calculation umt 103.

If the X-ray imaging apparatus 300 completes the process-
ing ol step S301 or step S201, the processing proceeds to step
S302. When the processing proceeds to step S302, the X-ray
irradiation condition determination unit 304 determines the
X-ray 1rradiation conditions based on the average informa-
tion amount calculated 1n step S301 as well as the absorbed
dose calculated 1n step S201 referring to the equivalent curve
data of the irradiation X-ray dose equivalent curve data table
203.

The processing of step S302 1s sumilar to the processing of
step S202 described in the second exemplary embodiment,
except that the X-ray 1rradiation condition determination unit
304 determines the X-ray 1rradiation conditions based on the
average information amount calculated 1n step S301 (instead
of using the histogram calculated 1n step S104). If the X-ray
imaging apparatus 300 completes the processing of step
5302, then in step S303, the X-ray irradiation condition deter-
mination umt 304 sets the X-ray 1rradiation conditions deter-
mined 1n step S302 to the X-ray generation unit 101. If the
X-ray 1mmaging apparatus 300 completes the processing of
step S303 or step S108, the processing returns to step S102.

The processing for the second cycle (1.e., the second frame)
and subsequent cycles 1s similar to that described in the sec-
ond exemplary embodiment, except that the histogram calcu-
lated 1n step S104 1s replaced with the average information
amount calculated in step S301. For example, 1n step S108,
the display unit 106 can display a numerical value represent-
ing the average information amount calculated 1n step S301.
Through the display, a user (1.e., an observer) can determine
whether the X-ray image that can be displayed by the display
unit 106 includes a suilicient amount of internal information
of the subject 1000.

FIG. 14 illustrates an example of the configuration of an
X-ray 1imaging apparatus (1.€., a radiation imaging apparatus)
400 according to a fourth exemplary embodiment of the
present imvention. In FIG. 14, constituent components and
portions similar to those illustrated in FIGS. 1 and 11 are
denoted by the same reference numerals.

As 1llustrated 1n FIG. 14, the X-ray imaging apparatus 400
according to the fourth exemplary embodiment includes the
average information amount calculation unit 301 of the X-ray
imaging apparatus 300 1illustrated 1n FIG. 11 (1.e., the con-
stituent component described in the third exemplary embodi-
ment) 1n addition to a configuration similar to that of the
X-ray imaging apparatus 100 according to the first exemplary
embodiment. The X-ray imaging apparatus 400 according to
the fourth exemplary embodiment includes an X-ray irradia-
tion condition determination unit 404 that can perform pro-
cessing different from the processing performed by the X-ray
irradiation condition determination unit 104 of the X-ray
imaging apparatus 100 according to the first exemplary
embodiment or by the X-ray 1rradiation condition determina-
tion unit 304 of the X-ray imaging apparatus 300 according to
the third exemplary embodiment.

The X-ray irradiation condition determination umt 404
determines the X-ray 1rradiation conditions based on the his-
togram that can be calculated by the histogram calculation
unit 103 as well as based on the average information amount
that can be calculated by the average information amount
calculation unit 301.

In the third exemplary embodiment, the average informa-
tion amount calculation unit 301 calculates the average infor-
mation amount relating to the luminance of the X-ray image
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“A” based on the histogram that can be calculated by the
histogram calculation unit 103 and determines the X-ray 1rra-
diation conditions based on the calculated average informa-
tion amount. In other words, the third exemplary embodiment
can 1dentily an optimum X-ray image based on the calculated
average information amount, even when two histograms
illustrated in FIGS. 12A and 12B cannot be discriminated
from each other referring to the index of the “tlatness of the
histogram.”

However, compared to an X-ray image relating to the his-
togram 1llustrated in FI1G. 12D, the X-ray image relating to the
histogram 1llustrated 1n FIG. 12B 1s considered to be the
X-ray 1mage that includes useful internal information for
observation. However, the average information amount of the
histogram 1llustrated 1n FIG. 12B 1s similar to that of the
histogram 1llustrated 1n FI1G. 12D. In this manner, the method
for determiming the X-ray irradiation conditions 1n such a way
as to tlatten the distribution (1.¢., shape) of the histogram and
the method for determining the X-ray 1rradiation conditions
in such a way as to maximize the average information amount
have their advantages and disadvantages.

Hence, 1n the present exemplary embodiment, the X-ray
irradiation condition determination unit 404 determines the
X-ray 1rradiation conditions 1n such a way as to increase the
average information amount that can be calculated by the
average information amount calculation unit 301 and also 1n
such a way as to flatten the distribution of the histogram that
can be calculated by the histogram calculation unit 103.

In this case, 1t 1s desired that the X-ray irradiation condition
determination unit 404 performs the following processing.
First, the X-ray irradiation condition determination unit 404
obtains radiation 1rradiation conditions 1n such a way as to
increase the average mformation amount that can be calcu-
lated by the average information amount calculation unit 301
and then obtains radiation irradiation conditions in such a way
as to flatten the distribution of the histogram that can be
calculated by the histogram calculation unit 103. The X-ray
irradiation condition determination unit 404 determines the
X-ray 1rradiation conditions. In this case, 11 the average infor-
mation amount that can be calculated by the average infor-
mation amount calculation unit 301 1s the same, the X-ray
irradiation condition determination unit 404 checks a differ-
ence 1n the degree of flatness with respect to the distribution
(1.e., shape) of the histogram and determines the X-ray 1rra-
diation conditions.

A processing procedure of a method for driving the X-ray
imaging apparatus 400 according to the fourth exemplary
embodiment 1s described below.

FIG. 15 1s a flowchart illustrating an example of a process-
ing procedure of a method for driving the X-ray imaging
apparatus (1.e., a radiation 1maging apparatus) 400 according
to the fourth exemplary embodiment of the present invention.
The flowchart 1llustrated i FIG. 15 relates to processing for
capturing a moving image. In FIG. 15, steps similar to those
of the flowchart illustrated in FIG. 5 are denoted by the same
reference numerals and their descriptions are not repeated.

If a user inputs an X-ray rradiation instruction, the X-ray
imaging apparatus 400 performs the processing of steps S101
to S104, which 1s described above with reference to FIG. 1.
Then, the X-ray imaging apparatus 400 simultaneously per-
forms processing of step S104 and processing of step S107 1n
parallel with each other.

If the X-ray imaging apparatus 400 completes the process-
ing of step S104, the processing proceeds to step S401. When
the processing proceeds to step S401, the average information
amount calculation unit 301 calculates an average informa-
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tion amount relating to the luminance of the X-ray image “A”
based on the histogram that can be calculated by the histo-
gram calculation unit 103.

If the X-ray imaging apparatus 400 completes the process-
ing ol step S401, the processing proceeds to step S402. When
the processing proceeds to step S402, the X-ray 1rradiation
condition determination unit 404 determines the X-ray irra-
diation conditions, as described above, based on the average
information amount calculated 1 step S401 and the histo-
gram calculated 1n step S104.

If the X-ray imaging apparatus 400 completes the process-
ing of step S402, then 1n step S403, the X-ray 1rradiation
condition determination unit 304 sets the X-ray irradiation
conditions determined in step S402 to the X-ray generation
unit 101. If the X-ray imaging apparatus 400 completes the
processing of step S403 or step S108, the processing returns
to step S102. The processing for the second cycle (i.e., the
second frame) and subsequent cycles 1s a combination of the
contents described in the first exemplary embodiment and the
contents described 1n the third exemplary embodiment.

For example, 1n step S108, the display umit 106 can display
a numerical value representing the average information
amount calculated 1n step S401 and a numerical value repre-
senting the degree of flatness with respect to the distribution
of the histogram calculated 1n step S402. Through the display,
a user (1.e., an observer) can determine whether the X-ray
image that can be displayed by the display unit 106 includes
a suilicient amount of internal information of the subject
1000.

FIG. 16 illustrates an example of the configuration of an
X-ray 1imaging apparatus (1.€., a radiation imaging apparatus)
500 according to a fifth exemplary embodiment according to
the present invention. In FI1G. 16, constituent components and
portions similar to those illustrated 1n FIG. 11 are denoted by
the same reference numerals.

As 1llustrated in FIG. 16, the X-ray imaging apparatus 500
according to the fifth exemplary embodiment can retlect the
content described in the fourth exemplary embodiment, com-
pared to the X-ray imaging apparatus 300 according to the
third exemplary embodiment. More specifically, the X-ray
irradiation condition determination unit 504 determines the
X-ray 1rradiation conditions based on the histogram that can
be calculated by the histogram calculation unit 103 as well as
the average information amount that can be calculated by the
average information amount calculation unit 301.

A processing procedure of a method for driving the X-ray
imaging apparatus 500 according to the fifth exemplary
embodiment 1s described below. FIG. 17 1s a flowchart 1llus-
trating an example of a processing procedure of a method for
driving the X-ray imaging apparatus (1.e., a radiation imaging
apparatus) 500 according to the fifth exemplary embodiment
of the present invention. The tlowchart illustrated in FI1G. 17
relates to processing for capturing a moving image. In FIG.
17, steps similar to those of the flowchart illustrated 1n FIG.
13 are denoted by the same reference numerals and their
descriptions are not repeated.

If a user mputs an X-ray irradiation instruction, the X-ray
imaging apparatus 500 performs the processing of steps S101
to S104 illustrated 1n FIG. 13. The X-ray imaging apparatus
500 simultaneously performs processing of step S104 and
processing of steps S201 and S107 in parallel with each other.

If the X-ray imaging apparatus 300 completes the process-
ing of step S104, the processing proceeds to step S501. When
the processing proceeds to step S501, the average information
amount calculation unit 301 calculates an average informa-
tion amount relating to the luminance of the X-ray image “A”
based on the histogram that can be calculated by the histo-
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gram calculation unit 103, similar to the processing of step
S401 1n FIG. 15. If the X-ray imaging apparatus 300 com-
pletes the processing of steps S501 and S201, the processing
proceeds to step S502. When the processing proceeds to step
S502, the X-ray 1rradiation condition determination unit 504
determines the X-ray irradiation conditions based on the his-
togram calculated 1 step S104, the average information
amount calculated 1n step S3501, and the absorbed dose cal-
culated 1n step S201 referring to the equivalent curve data of
the 1rradiation X-ray dose equivalent curve data table 203.

If the X-ray imaging apparatus 500 completes the process-
ing of step S502, then 1n step S503, the X-ray 1rradiation
condition determination unit 304 sets the X-ray irradiation
conditions determined in step S302 to the X-ray generation
umt 101. If the X-ray imaging apparatus 300 completes the
processing of step S503 or step S108, the processing returns
to step S102. The processing of the second cycle (1.e., the
second frame) and subsequent cycles 1s a combination of the
contents described 1n the third exemplary embodiment and
the contents described 1n the fourth exemplary embodiment.

For example, in step S108, the display unit 106 can display
a numerical value representing the average information
amount calculated 1n step S501 and a numerical value repre-
senting the degree of flatness of the distribution of the histo-
gram calculated in step S502. Through the display, auser (i.¢.,
an observer) can determine whether the X-ray image that can
be displayed by the display unit 106 includes a sufficient
amount of internal information of the subject 1000.

A central processing unit (i.e., CPU) of a computer can
execute a program stored 1n a random access memory (RAM)
or a read only memory (ROM) to realize the processing of
respective steps illustrated in FIGS. 5, 10, 13, 15, and 17,
which describe the methods for driving the radiation imaging
apparatuses according to the above-described exemplary
embodiments. The present invention encompasses the above-
described program and a computer-readable storage medium
that stores program.

More specifically, the program can be recorded 1n a storage
medium (e.g., CD-ROM), or can be supplied to a computer
via various transmission media. On the other hand, the media
usable to transmit the program includes a communication
medium for a computer network (such as a local area network
(1.e., LAN), a wide area network (1.e., WAN) represented by
the Internet, and a wireless communication network) system,
which can propagate carrier waves including program infor-
mation.

The present mvention 1s not limited to the computer that
executes a supplied program to realize the functions of the
radiation 1maging apparatus according to each exemplary
embodiment. According to another aspect of the present
invention, the program can cooperate with an operating sys-
tem (OS) or another application soft running on the computer
to realize the functions of the radiation 1imaging apparatus
according to each exemplary embodiment.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2008-123921 filed May 9, 2008, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:
1. A radiation 1maging apparatus that irradiates a subject
with a radioactive ray emitted from a radiation generation unit
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to capture a radiographic 1mage based on a radioactive ray
that has penetrated through the subject, the radiation imaging
apparatus comprising;

a histogram calculation unit configured to calculate a his-
togram representing a frequency of each pixel value
resulting from pixel values of the radiographic image;
and

a radiation 1rradiation condition determination unit config-
ured to determine radiation irradiation conditions for a
radioactive ray to be emitted from the radiation genera-
tion unit 1n such a way as to flatten a distribution of the
frequency of the histogram.

2. The radiation 1imaging apparatus according to claim 1,
turther comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets equivalent curve data with respect to a radiation dose
of a radioactive ray emitted from the radiation generation
unit,

wherein the histogram calculation unit 1s configured to
calculate the histogram for a radiographic 1image cap-
tured according to radiation 1irradiation conditions deter-
mined based on the equivalent curve data.

3. The radiation 1maging apparatus according to claim 1,
turther comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets a plurality of types of equivalent curve data with
respect to a radiation dose of the radioactive ray emitted from
the radiation generation unit,

wherein the histogram calculation unit 1s configured to
calculate the histogram for a radiographic 1mage cap-
tured according to radiation 1irradiation conditions deter-
mined based on a region surrounded by the equivalent
curve data.

4. The radiation 1maging apparatus according to claim 1,

turther comprising:

an 1maging unit configured to capture the radiographic
1mage;

a memory recording a pixel value data table that relates to
the radiation 1rradiation conditions and also relates to
pixel values of a radiographic 1mage captured by the
imaging umt 1 a state where the subject 1s absent
between the radiation generation unit and the 1maging
unit; and

an absorbed dose calculation umit configured to calculate a
radiation dose absorbed by the subject based on a radio-
graphic 1mage captured by the imaging unit in a state
where the subject 1s present between the radiation gen-
eration unit and the imaging unit and based on the pixel
value data table,

wherein the radiation irradiation condition determination
unit 1s configured to determine the radiation 1rradiation
conditions 1n such a way as to decrease the absorbed
dose that can be calculated by the absorbed dose calcu-
lation unit.

5. The radiation 1maging apparatus according to claim 1,
turther comprising a display unit configured to display a
numerical value representing a degree of flatness with respect
to the distribution of the histogram.

6. The radiation 1imaging apparatus according to claim 1,
turther comprising an 1mage processing unit configured to
correct an average luminance value of the radiographic image
to a predetermined value.

7. A radiation 1maging apparatus that irradiates a subject
with a radioactive ray emitted from a radiation generation unit
to capture a radiographic 1mage based on a radioactive ray
that has penetrated through the subject, the radiation imaging,
apparatus comprising;
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a histogram calculation unit configured to calculate a his-
togram representing a frequency of each pixel value
resulting from pixel values of the radiographic image;

an average information amount calculation unit configured
to calculate an entropy relating to a luminance of the
radiographic image based on the frequency of the histo-
gram; and

a radiation irradiation condition determination unit config-
ured to determine radiation irradiation conditions for a
radioactive ray to be emitted from the radiation genera-
tion unit 1n such a way as to increase the entropy.

8. The radiation 1maging apparatus according to claim 7,
turther comprising a display unit configured to display a
numerical value representing the entropy.

9. The radiation 1maging apparatus according to claim 7,
further comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets equivalent curve data with respect to a radiation dose
of a radioactive ray emitted from the radiation generation
unit,

wherein the histogram calculation unit 1s configured to
calculate the histogram for a radiographic 1mage cap-
tured according to radiation irradiation conditions deter-
mined based on the equivalent curve data.

10. The radiation 1maging apparatus according to claim 7,
further comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets a plurality of types of equivalent curve data with
respect to a radiation dose of the radioactive ray emitted from
the radiation generation unit,

wherein the histogram calculation unit 1s configured to
calculate the histogram for a radiographic 1mage cap-
tured according to radiation 1rradiation conditions deter-
mined based on a region surrounded by the equivalent
curve data.

11. The radiation 1maging apparatus according to claim 7,
further comprising an 1mage processing unit configured to
correct an average luminance value of the radiographic image
to a predetermined value.

12. A radiation 1imaging apparatus that 1rradiates a subject
with a radioactive ray emitted from aradiation generation unit
to capture a radiographic 1mage based on a radioactive ray
that has penetrated through the subject, the radiation imaging
apparatus comprising:

a histogram calculation unit configured to calculate a his-
togram representing a frequency of each pixel value
resulting from pixel values of the radiographic image;

an average information amount calculation unit configured
to calculate an entropy relating to a luminance of the
radiographic 1image based on the histogram; and

a radiation 1rradiation condition determination unit config-
ured to determine radiation irradiation conditions for a
radioactive ray to be emitted from the radiation genera-
tion unit 1n such a way as to increase the entropy and to
flatten a distribution of the frequency of the histogram.

13. The radiation imaging apparatus according to claim 12,

wherein, when determining the radiation irradiation condi-
tions, the radiation 1rradiation condition determination unit 1s
configured to obtain radiation irradiation conditions to
increase the entropy and then to obtain radiation 1rradiation
conditions to flatten the distribution of the frequency of the
histogram.

14. The radiation imaging apparatus according to claim 13,

further comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
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and sets equivalent curve data with respect to a radiation dose
of a radioactive ray emitted from the radiation generation
unit,

wherein the histogram calculation unit 1s configured to

calculate the histogram for a radiographic 1mage cap-
tured according to radiation 1irradiation conditions deter-
mined based on the equivalent curve data.

15. The radiation imaging apparatus according to claim 13,
turther comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets a plurality of types of equivalent curve data with
respect to a radiation dose of the radioactive ray emitted from
the radiation generation unit,

wherein the histogram calculation unit 1s configured to

calculate the histogram for a radiographic 1image cap-
tured according to radiation 1irradiation conditions deter-
mined based on a region surrounded by the equivalent
curve data.

16. The radiation imaging apparatus according to claim 12,
turther comprising a display unit configured to display a
numerical value representing a degree of flatness with respect
to the distribution of the histogram and a numerical value
representing the entropy.

17. The radiation imaging apparatus according to claim 12,
turther comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets equivalent curve data with respect to a radiation dose
ol a radioactive ray emitted from the radiation generation
unit,

wherein the histogram calculation unit 1s configured to

calculate the histogram for a radiographic 1mage cap-
tured according to radiation 1irradiation conditions deter-
mined based on the equivalent curve data.

18. The radiation imaging apparatus according to claim 12,
turther comprising a memory recording an equivalent curve
data table that relates to the radiation 1rradiation conditions
and sets a plurality of types of equivalent curve data with
respect to a radiation dose of the radioactive ray emitted from
the radiation generation unit,

wherein the histogram calculation unit 1s configured to

calculate the histogram for a radiographic 1mage cap-
tured according to radiation 1rradiation conditions deter-
mined based on a region surrounded by the equivalent
curve data.

19. The radiation imaging apparatus according to claim 12,
turther comprising a display unit configured to display a
numerical value representing a degree of flatness with respect
to the frequency of the distribution of the histogram.

20. The radiation imaging apparatus according to claim 12,
turther comprising a display unit configured to display a
numerical value representing the entropy.

21. The radiation imaging apparatus according to claim 12,
turther comprising an 1image processing unit configured to
correct an average luminance value of the radiographic image
to a predetermined value.

22. A method for drniving a radiation imaging apparatus that
irradiates a subject with a radioactive ray emitted from a
radiation generation unit to capture a radiographic image
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based on a radioactive ray that has penetrated through the
subject, the method comprising;:
calculating a histogram representing a frequency of each
pixel value resulting from pixel values of the radio-
graphic 1image; and
determiming radiation irradiation conditions for a radioac-
tive ray to be emitted from the radiation generation unit
in such a way as to flatten a distribution of the frequency

of the histogram.
23. The method according to claim 22, further comprising,

correcting an average luminance value of the radiographic
image to a predetermined value.

24. A method for driving a radiation imaging apparatus that
irradiates a subject with a radioactive ray emitted from a
radiation generation unit to capture a radiographic image
based on a radioactive ray that has penetrated through the
subject, the method comprising:

calculating a histogram representing a frequency of each

pixel value resulting from pixel values of the radio-
graphic 1mage;

calculating an entropy relating to a luminance of the radio-

graphic 1image based on the frequency of the histogram;
and

determiming radiation irradiation conditions for a radioac-

tive ray to be emitted from the radiation generation unit
in such a way as to increase the entropy.

25. The method according to claim 24, further comprising,
correcting an average luminance value of the radiographic
image to a predetermined value.

26. A method for driving a radiation imaging apparatus that
irradiates a subject with a radioactive ray emitted from a
radiation generation unit to capture a radiographic image
based on a radioactive ray that has penetrated through the
subject, the method comprising:

calculating a histogram representing a frequency ol each

pixel value resulting from pixel values of the radio-
graphic 1mage;

calculating an entropy relating to a luminance of the radio-

graphic 1image based on the frequency of the histogram;
and

determining radiation 1rradiation conditions for a radioac-

tive ray to be emitted from the radiation generation unit
in such a way as to increase the entropy and to flatten a
distribution of the histogram.

277. The method according to claim 26, further comprising,
correcting an average luminance value of the radiographic
image to a predetermined value.

28. A non-transitory computer-readable storage medium
storing a computer program ol instructions which cause the
computer to perform a method comprising:

calculating a histogram representing a frequency ol each

pixel value resulting from pixel values of a radiographic
image captured based on a radioactive ray that has pen-
ctrated through a subject; and

determining radiation 1rradiation conditions for a radioac-

tive ray to be emitted from a radiation generation umit
toward the subject 1n such a way as to flatten a distribu-
tion of the frequency of the histogram.
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